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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001] The present invention relates to a method and 
a device for controlling the transmitting power of a base 
station in a mobile communication system based on 
Code Division Multiple Access (hereinafter abbreviated 
CDMA). 

2. Description of the Related Art: 

[0002] In a CDMA system, transmission is performed 
by carrying out spread modulation that uses a spread 
code of high-speed transmission rate after normal infor- 
mation modulation. On the receiving side, normal de- 
modulation is performed after restoring the original in- 
formation bandwidth by carrying out de-spread modula- 
tion that uses the same spread code as the transmitting 
side. Assignment of an orthogonal spread code se- 
quence to each user allows a plurality of users to com- 
municate simultaneously on the same frequency band- 
width. 

[0003] In a cellular mobile communication system us- 
ing CDMA, a plurality of mobile stations share the same 
frequency band. In communication from a base station 
to a mobile station, the desired wave signal component 
and interference wave signal component contained 
within signals transmitted from the same base station 
all reach the mobile stations by way of the same prop- 
agation path. When a call to mobile station A and a cad 
to mobile station B are made simultaneously from the 
same base station, for example, mobile station A re- 
ceives the call to itself as desired wave signal S A and 
receives the transmission signal to mobile station B as 
interference wave signal S B . However, these received 
signal components S A and S B have the same fluctuation 
characteristics because they have been received by 
way of the same transmission path from the base station 
to mobile station A, and as a result, Signal-to-lnterfer- 
ence power Ratio (ratio of the received power of the de- 
sired wave to the received power of the interference 
wave : hereinbelow abbreviated as "SIR") at the mobile 
station is constant fixed regardless of the position of the 
mobile station. 

[0004] However, when the mobile station receives a 
desired wave signal from a particular base station X and 
receives an interference wave signal from another base 
station Y, the signal component transmitted from base 
station X and the signal component transmitted from 
base station Y reach the mobile station by way of differ- 
ent propagation paths. Therefore, the fluctuation char- 
acteristics of these signal components also differ, and 
consequently, a mobile station located near a cell 
boundary is greatly influenced by the interference wave 
signal from another base station. 



[0005] In such cases, degradation of speech quality 
can be avoided by raising the transmitting power of a 
base station above the reference power for a mobile sta- 
tion located near a cell boundary. Similarly, degradation 

5 in speech quality can also be avoided by increasing the 
base station transmitting power above the reference 
power for a mobile station located at a point reached by 
a plurality of strong multipath signals. On the other hand, 
the transmitting power of the base station must be re- 

w duced below the reference transmitting power for other 
mobile stations that have good speech quality because 
the interference wave power received by other mobile 
stations that are communicating with the base station 
must be reduced. These factors call for control of the 

15 transmitting power of the base station in order to obtain 
uniform speech quality within a service area. 
[0006] One example of a method for controlling trans- 
mitting power according to the prior art is disclosed in 
the paper "On the System Design Aspects of Code Di- 

20 vision Multiple Access (CDMA) Applied to Digital Cellu- 
lar and Personal Communication Networks" by A. Sal- 
masi and K. S. Gilhousen and published in IEEE VCT 
1991 (pp. 57-62). 

[0007] A further example is disclosed in document 

25 JP-A-09036801. 

[0008] Fig. 1 shows a schematic representation of a 
device for controlling the transmitting power of a base 
station disclosed in the above-described paper. This de- 
vice comprises a transmitter, a receiver, and antenna 

30 branching filter 108. The transmitter consists of a 
number N of communication channel transmitters 101 
for communication channels 1-N, pilot channel transmit- 
ter 102, transmitting power decision unit 106, and am- 
plifier 107. 

35 [0009] Transmission signals to mobile station 113 
(forward transmission signals) are inputted to commu- 
nication channel transmitters 101 when the signals are 
speech signals, and to pilot channel transmitter 102 
when the signals are pilot signals. After carrying out in- 

40 formation modulation and frequency conversion to the 
radio frequency bandwidth, each individual channel 
transmitter 101 and 102 spread-modulates the frequen- 
cy-converted signals using the spread code corre- 
sponding to the object mobile station, and outputs the 

45 result. The signal generated by adding the output sig- 
nals of alt channels is then outputted to amplifier 107. 
The signal amplified by amplifier 107 is then transmitted 
to mobile station 113 by antenna branching fitter 108. 
Communication channel transmitters 101 set the com- 

50 munication channel transmitting power based on infor- 
mation notified from transmitting power decision unit 
106 (to be described hereinbelow). 
[0010] The receiver consists of amplifier 109, a 
number N of communication channel receivers 110 for 

55 communication channels 1-N, pilot channel receiver 
111, and quality judging unit 112. 
[001 1] Amplifier 1 09 amplifies the spread-modulated 
radio signal received from mobile station 113 by way of 
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antenna and antenna branching filter 108. Communica- 
tion channel receiver 110 and pilot channel receiver 111 
first subject the radio signal amplified by amplifier 109 
to de-spread modulation and extract a radio frequency 
bandwidth signal, and then frequency-convert the radio 
frequency signal to a baseband signal, generate an an- 
alog signal by demodulation, and output the result. In 
addition, communication channel receivers 110 each 
decode quality information attached to radio signals re- 
ceived from mobile station 113 (information indicating 
the quality of signals transmitted to mobile station 113 
from the base station, i.e., SIR as measured at mobile 
station 1 1 3), and output to quality judging unit 112. Qual- 
ity judging unit 112 judges the quality of signals trans- 
mitted from the base station to mobile station 113 based 
on this quality information and notifies transmitting pow- 
er decision unit 106. Transmitting power decision unit 
1 06 sets the communication channel transmitting power 
for the mobile station based on the quality notified from 
quality judging unit 112 and sets each transmitter 101 
to this transmitting power. 

[001 2] In a device for controlling transmitting power of 
a base station according to this configuration, the trans- 
mitting power of a base station is controlled based on 
the SIR measured at a mobile station. When the SIR 
measured at the mobile station is lower than a reference 
value, a request signal to increase the transmitting pow- 
er is transmitted to the base station. When the measured 
SIR is greater than the reference value, a request signal 
to decrease the transmitting power is transmitted to the 
base station. The base station receives these request 
signals and either increases or decreases the transmit- 
ting power by a prescribed control step power, a small 
value such as 0.5 dB being used as the control step pow- 
er. Control is limited to a range of, for example, ±6 dB 
with respect to the reference power. 
[0013] In a case in which the total transmitting power 
of the base station increases and approaches a prede- 
termined maximum transmitting power in the device for 
controlling transmitting power of a base station of the 
prior art described hereinabove, the base station is un- 
able to increase the power in accordance with the de- 
mand of a mobile station despite the transmission of re- 
quest signals to increase transmitting power from a mo- 
bile station because the total transmitting power would 
then exceed the maximum transmitting power. In the 
event of insufficient transmitting power in such a case, 
there is the problem that the waveform of the transmit- 
ting signal of the base station is distorted, thereby pre- 
venting correct demodulation of the signal at the mobile 
station and giving rise to degradation of speech quality. 
Such cases of insufficient base station transmitting pow- 
er tend to occur at base stations having, for example, 
increased traffic. 

SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention is to pro- 



vide a method and device for controlling the transmitting 
power of a base station in a CDMA cellular system that 
can reduce degradation in forward speech quality in 
cases in which the total base station transmitting power 

s increases and the base station is unable to transmit the 
power desired by mobile stations. 
[0015] To achieve the above-described object, in the 
method of controlling the transmitting power of a base 
station in a CDMA mobile communication system, a de- 

10 sired transmitting power Pa(i) of a transmitting power 
control object channel i which is one channel selected 
for transmitting power control from among a plurality of 
communication channels, is calculated. This desired 
transmitting power Pa(i) is then added to the transmit- 

15 ting powers Ptx(j) that are currently set to communica- 
tion channels J, which are communication channels oth- 
er than this transmitting power control object channel i, 
and this sum is taken as the total base station transmit- 
ting power Ptotal. 

20 [0016] The total base station transmitting power Pto- 
tal is then compared with a predetermined maximum to- 
tal transmitting power Pmax, and when the total base 
station transmitting power Ptotal is greater than the 
maximum total transmitting power Pmax, the total base 

25 station transmitting power Ptotal is divided by the max- 
imum total transmitting power Pmax to calculate the 
proportion of insufficient transmitting power and find a 
power reduction rate D t . 

[001 7] A value obtained by using power reduction rate 
30 D t to reduce the desired transmitting power Pa(i) is then 
set as the new transmitting power of transmitting power 
control object channel I, and a value obtained by using 
power reduction rate D t to reduce each transmitting 
power Ptx(j) currently set to each current communica- 
35 tion channel j is set as the new transmitting power of 
each of communication channels j. 
[001 8] The total base station transmitting power Pto- 
tal may be controlled so as not to exceed the maximum 
total transmitting power Pmax by reducing the transmit- 
40 ting power of each communication channel by this pow- 
er reduction rate D t . 

[001 9] In addition, in the another method of controlling 
transmitting power of a base station in a CDMA mobile 
communication system of the present invention, one 

45 channel is selected as the transmitting power control ob- 
ject channel I from among a plurality of communication 
channels at regular intervals; and, in a transmitting pow- 
er control process that updates the setting of the trans- 
mitting power of each communication channel such that 

50 the transmitting power control object channel I satisfies 
a prescribed speech quality, stores as the previous re- 
duction rate D M the power reduction rate of the total 
transmitting power that was used in the preceding 
processing. 

55 [0020] For communication channels J other than the 
transmitting power control object channel I, values ob- 
tained by multiplying transmitting powers Ptx(j) current- 
ly set to each of communication channels as the result 
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of the previous transmitting power control process by 
the previous reduction rate D M is output as the provi- 
sional transmitting powers of these communication 
channels]. 

[0021] For the transmitting power control object chan- 5 
nel I, when the value obtained by multiplying the desired 
transmitting power Pa(i) by a prescribed function of the 
previous reduction rate D M is equal to or less than a 
specified maximum transmitting power per channel 
Pmax-1ch, that power is made to be the provisional 
transmitting power of that channel i; when the value ob- 
tained by multiplying the desired transmitting power Pa 
(i) by a prescribed function of the previous reduction rate 
D M is greater than the specified maximum transmitting 
power per channel Pmax-1ch, a value obtained by di- 
viding the maximum transmitting power per channel 
Pmax-1ch by the prescribed function is made to be the 
provisional transmitting power of that channel i. 
[0022] The total base station transmitting power Pto- 
tal is then calculated by adding the provisional transmit- 
ting power of each communication channel, and the 
power reduction rate D t , which is the proportion by which 
the total transmitting power of the base station is re- 
duced, is calculated by dividing this total base station 
transmitting power Ptotal by the specified maximum to- 
tal transmitting power Pmax. 

[0023] When the total base station transmitting power 
Ptotal is greater than the maximum total transmitting 
power Pmax, the provisional transmitting power of each 
communication channel is divided by power reduction 
rate D t , and this divided transmitting power is set as the 
new transmitting power of each communication chan- 
nel. When the total base station transmitting power Pto- 
tal is equal to or less than the maximum total transmit- 
ting power Pmax, each provisional transmitting power 
is divided by the previous reduction rate D M , and this 
divided transmitting power is set to each communication 
channel as the new transmitting power of each commu- 
nication channel. 

[0024] In the method of controlling the transmitting 
power of a base station the transmitting power of each 
individual communication channel that has been re- 
duced by the previous transmitting power control proc- 
ess are returned to the transmitting power before reduc- 
tion by multiplying by a prescribed function of the previ- 
ous reduction rate D M for transmitting power control ob- 
ject channel i and multiplying by previous reduction rate 
D M for communication channels j; then these transmit- 
ting powers are made the provisional transmitting pow- 
ers; and these provisional transmitting powers are used 
to effect control of transmitting power. 
[0025] Accordingly, control is effected whereby the 
transmitting power of each communication channel is 
returned to its original value when the total base station 
transmitting power Ptotal no longer exceeds the maxi- 
mum total transmitting power Pmax. 
[0026] In addition, according to another method of 
controlling the transmitting power of a base station in a 



CDMA mobile communication system, the prescribed 
function of the previous reduction rate D M is a function 
by which the previous reduction rate D M is raised to the 
a power. 

[0027] In the another method of controlling the trans- 
mitting power of a base station in a CDMA mobile com- 
munication system the desired transmitting power Pa(i) 
of transmitting power control object channel I, is calcu- 
lated which is one channel selected for transmitting 
power control from among a plurality of communication 
channels. 

[0028] The total base station transmitting power Pto- 
tal is then calculated by adding the desired transmitting 
power Pa(l) and transmitting power Ptx(j) currently set 
to communication channels J, which are communication 
channels other than transmitting power control object 
channel I. 

[0029] Power conversion rate C t is then found by di- 
viding the total base station transmitting power Ptotal 
by the maximum total transmitting power Pmax. 
[0030] A value obtained by using power conversion 
rate C t to convert desired transmitting power Pa(l) is 
then set as the new transmitting power of transmitting 
power control object channel i, and values obtained by 
using power conversion rate C t to convert the transmit- 
ting power PtxG) currently set to each of communication 
channels j are set as the new transmitting powers of 
communication channels j. 

[0031] In this method of controlling transmitting power 
of a base station, the value of the total base station 
transmitting power Ptotal is always equal to the maxi- 
mum total transmitting power Pmax by multiplying the 
set transmitting power by the power conversion rate. 
[0032] Accordingly, the amount of interference from 
the base station no longer depends on the volume of 
traffic because the total base station transmitting power 
Ptotal is always constant, and the design of a base sta- 
tion device is accordingly simplified. 
[0033] As described hereinabove, the present inven- 
tion has the effect of preventing the total transmitting 
power of a base station from exceeding the maximum 
transmitting power by calculating the total transmitting 
power when the desired transmitting power of each 
channel is being transmitted and then reducing the 
transmitting power when this total transmitting power is 
equal to or greater than the maximum total transmitting 
power of the base station. 

[0034] The above and other objects, features, and ad- 
vantages of the present invention will become apparent 
from the following description with references to the ac- 
companying drawings which illustrate examples of the 
present invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0035] 

Fig. 1 is a block diagram showing the configuration 
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of a device for controlling transmitting power of a 
base station according to the prior art; 
Fig. 2 is a block diagram showing the configuration 
of a device for controlling transmitting power of a 
base station; 

Fig. 3 is a flow chart illustrating the operation of the 
device for controlling transmitting power of a base 
station in Fig. 2; 

Fig. 4 is a figure showing system configuration for 
explaining the operation of the device for controlling 
transmitting power of a base station in Fig. 2; 
Fig. 5 is a block diagram showing the configuration 
of a device for controlling transmitting power of a 
base station according to an embodiment of the 
present invention; 

Fig. 6 is a flow chart illustrating the operation of the 
device for controlling transmitting power of a base 
station in Fig. 5; 

Fig. 7 is a block diagram showing the configuration 
of a device for controlling transmitting power of a 
base station; and 

Fig. 8 is a flow chart illustrating the operation of the 
device for controlling transmitting power of a base 
station in Fig. 7. 

DETAILED DESCRIPTION 

[0036] Explanation is first presented with reference to 
the accompanying drawings regarding the method of 
controlling transmitting power of a base station in a CD- 
MA mobile communication system. Constituent ele- 
ments that are equivalent to those shown in Fig. 1 are 
identified by the same reference numerals. 
[0037] The transmitting power control device com- 
prises a transmitter, a receiver, and antenna branching 
filter 108. 

[0038] The transmitter comprises a plurality of com- 
munication channel transmitters 101, pilot channel 
transmitter 102, total transmitting power calculator 103, 
comparator 104, reduction rate calculator 105, transmit- 
ting power decision unit 106, and amplifier 107. The re- 
ceiver includes amplifier 1 09, a plurality of communica- 
tion channel receivers 110, pilot channel receiver 111, 
and quality judging unit 112. The transmitter and receiv- 
er can communicate with a plurality of mobile stations 
113 by way of antenna branching filter 108 and an an- 
tenna. 

[0039] The points of difference between the device for 
controlling transmitting power of a base station of this 
example and the prior-art device for controlling transmit- 
ting power of a base station in Fig. 1 are the provision 
of total transmitting power calculator 103, comparator 
104, and reduction rate calculator 105, and the determi- 
nation of transmitting power of communication channel 
transmitters 101 by transmitting power decision unit 106 
based on the judgment results of quality judging unit 1 1 2 
and the output of reduction rate calculator 105. 
[0040] Total transmitting power calculator 103 calcu- 



lates the total transmitting power of communication 
channels 1-N. Comparator 104 compares the total 
transmitting power calculated at total transmitting power 
calculator 103 with a predetermined prescribed value to 

5 determine whether or not the base station transmitting 
power is sufficient (whether or not the total transmitting 
power is greater than the prescribed value). If it is de- 
termined at comparator 104 that the base station trans- 
mitting power is insufficient, reduction rate calculator 

10 1 05 calculates the reduction rate, which is the proportion 
by which the transmitting power is reduced. Transmitting 
power decision unit 106 determines the transmitting 
power using the power reduction rate calculated by re- 
duction rate calculator 105 and resets the transmitting 

15 power at all communication channel transmitters 101. 
[0041] Explanation is next presented regarding the 
operation of the device for controlling transmitting power 
of a base station in a CDMA mobile communication sys- 
tem. 

20 [0042] Of the forward transmission signals, commu- 
nication signals are outputted to communication chan- 
nel transmitters 101 and pilot signals are outputted to 
pilot channel transmitter 102. At communication chan- 
nel transmitters 101, the transmitting powers are set 

25 based on the information notified from transmitting pow- 
er decision unit 106. Modulation of analog signals, fre- 
quency-conversion to a radio frequency bandwidth, and 
spread-modulation are carried out at each of the chan- 
nel transmitters 101 and 102, and a signal produced by 

30 adding all channel signals is outputted to amplifier 1 07. 
The signal amplified at amplifier 107 is transmitted to 
mobile stations 113 by way of antenna branching filter 
108. 

[0043] Information regarding the transmitting power 

35 set at each communication channel transmitter 101 is 
outputted to total transmitting power calculator 103. To- 
tal transmitting power calculator 103 calculates the total 
transmitting power of communication channels 1-N, fol- 
lowing which the total transmitting power calculation re- 

40 suit that has been calculated at total transmitting power 
calculator 103 is outputted to comparator 104. Compa- 
rator 1 04 compares the total transmitting power with a 
maximum total transmitting power of the base station 
that has been specified in advance, and notifies the 

45 comparison result to reduction rate calculator 105. 
Based on the comparison result from comparator 104, 
reduction rate calculator 105 calculates the power re- 
duction rate from the total transmitting power calculated 
at total transmitting power calculator 103 and the max- 

so imum total transmitting power of the base station that 
has been specified in advance. This power reduction 
rate is then notified to transmitting power decision unit 
106. 

[0044] On the other hand, signals received from mo- 
55 bile stations 1 1 3 by way of antenna branching filter 1 08 
and amplifier 1 09 are outputted to each channel receiver 
1 1 0 and 111, and de-spread modulation, frequency-con- 
version to baseband signals, and demodulation are car- 
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ried out. At quality judging unit 112, quality information 
of forward communication channels is extracted from 
signals that have been demodulated at each of receiv- 
ers 110, and the results are notified to transmitting pow- 
er decision unit 106. Transmitting power decision unit 
106 calculates the transmitting power using the power 
reduction rate notified from reduction rate calculator 1 05 
together with quality information notified from quality- 
judging unit 1 1 2, and notifies each communication chan- 
nel transmitter 101. The transmitting power can be var- 
ied up and down at communication channel transmitters 
101 based on the information notified from transmitting 
power decision unit 106. 

[0045] The operating procedures of the first embodi- 
ment of the present invention are next explained with 
reference to Fig. 3. 

[0046] In transmitting power decision unit 106 of the 
base station, one communication channel of communi- 
cation channels 1-N is selected at fixed intervals, and 
the desired transmitting power Pa(i) of this communica- 
tion channel i is determined (Step A1). This desired 
transmitting power is determined such that the speech 
quality of the forward communication channel as deter- 
mined by quality judging unit 112 satisfies a predeter- 
mined target speech quality. The procedures shown in 
Fig. 3 are procedures for resetting transmitting powers 
that determine the desired transmitting power Pa(i) of 
communication channel I at fixed-interval times t. The 
transmitting power Ptx(j) of each communication chan- 
nel j other than channel I is notified to total transmitting 
power calculator 103. The desired transmitting power 
Pa(i) for communication channel I is notified. Total trans- 
mitting power calculator 103 adds these notified trans- 
mitting powers and calculates the total transmitting pow- 
er Ptotal (Step A2). The total transmitting power Ptotal 
is then compared with a preset maximum total transmit- 
ting power Pmax of the communication channels of the 
base station at comparator 104 (Step A3). When the re- 
sult of comparison satisfies equation (1) the following, 
i.e., when the transmitting power of communication 
channel i cannot be set to the desired transmitting power 
Pa(i) because the transmitting power of the base station 
is insufficient, reduction rate calculator 105 calculates 
the reduction rate, which is the proportion of transmitting 
power insufficiency. 

Ptotal > Pmax (1) 

[0047] Reducing the transmitting power of all commu- 
nication channels by this proportion of power insufficien- 
cy enables the total transmitting power to be controlled 
to at or below the maximum value while maintaining the 
Signal-to- Interference power Ratio received at mobile 
stations 113 at a uniform level. The transmitting power 
reduction rate D t can be found by the following equation 
(2) (Step A4): 



D t = Ptotal / Pmax (2) 

[0048] In addition, in a case in which the transmitting 
5 power of the base station satisfies the following equation 
(3), the power reduction rate D t becomes 1 and the 
transmitting power is not reduced (Step A5). 

10 Ptotal < Pmax (3) 

[0049] The power reduction rate D t calculated at re- 
duction rate calculator 105 is notified to transmitting 
power decision unit 106. Transmitting power decision 

15 unit 106 calculates the transmitting power of each com- 
munication channel (Step A6). As shown in the following 
equation (4), the transmitting power Ptx(i) of communi- 
cation channel i is determined to be a value obtained by 
dividing the desired transmitting power Pa(l) by power 

20 reduction rate D t . 

Ptx(i) = Pa(i) / D t (4) 

25 [0050] If j represents all communication channels oth- 
er than communication channel i, the transmitting power 
Ptx(j) of communication channels j is determined to be 
a value obtained by dividing transmitting power Ptx(J) 
by power reduction rate D t as shown in the following 

30 equation (5): 

Ptx(j) = PtxO) / D t (5) 

35 [0051] The setting of transmitting power at each com- 
munication channel transmitter 101 is updated to the 
value determined by transmitting power decision unit 
106. 

[0052] With the above-described procedures, the 

40 transmitting power of all communication channels can 
be reduced equally at a uniform ratio equal to the pro- 
portion of transmitting power insufficiency, thereby al- 
lowing a reduction in the degradation of speech quality 
of the forward transmission signal transmitted from a 

45 base station having insufficient power. 

[0053] Explanation of the operation is next presented 
using values from an actual example. 
[0054] Fig. 4 shows one example of the arrangement 
of base stations and mobile stations. Referring to Fig. 

50 4, the CDMA mobile communication system comprises 
base stations 201 and 202 and mobile stations 203, 204, 
205, 206, and 207. Base station 201 is connected to mo- 
bile stations 203, 204, 205, and 206, and it is assumed 
that base station 201 is communicating with each of the 

55 mobile stations using communication channels 208, 
209, 210, and 211. Base station 202 is connected with 
mobile station 207 and communicating with this mobile 
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station using communication channel 212. 
[0055] Explanation is presented regarding a case in 
which the desired transmitting power Pa(i) of communi- 
cation channel 208 is set at the regularly spaced time 
points at which transmitting power control is effected. 
[0056] The transmitting power of communication 
channels 208-211 immediately preceding transmitting 
power control of communication channel 208 are the 
values shown in Table 1 below, and the maximum total 
communication channel transmitting power of base sta- 
tion 201 is 100.0 mw. 



Table 1 



channel number k 


transmitting power Ptx(k) mw 


208 


10.00 


209 


35.00 


210 


40.00 


211 


13.00 


Table 2 


channel number k 


transmitting power Ptx(k) mw 


208 


20.00 


209 


31.82 


210 


36.26 


211 


11.82 



[0057] In this case, when the desired transmitting 
power such that communication channel 208 satisfies 
the target speech quality is 22.0 mw (Fig. 3, Step A1), 
the total transmitting power of communication channels 
obtained at total transmitting power calculator 103 is 
then 110.0 mw (Step A2), and the total transmitting pow- 
er therefore exceeds the maximum total transmitting 
power of 100.0 mw of base station 201 (Step A3). The 
power reduction rate is calculated at reduction rate cal- 
culator 105 (Step A4), and it is found that the power re- 
duction rate D t = 110/100 = 1.1. The new transmitting 
power of each communication channel that is reset at 
transmitting power decision unit 106 is shown in Table 
2 (Step A6). 

[0058] This example calculates the total base station 
transmitting power Ptotal on the assumption that the de- 
sired transmitting power Pa(i) is set as the transmitting 
power of transmitting power control object channel i, and 
then reduces the transmitting power of all communica- 
tion channels by a fixed proportion using power reduc- 
tion rate D t if this value exceeds the maximum total 
transmitting power Pmax, thereby preventing the trans- 
mitting power of the base station from exceeding the 
maximum total transmitting power Pmax. 
[0059] In this example, moreover, although the trans- 
mitting power set for transmitting power control object 
channel I is a value lower than the desired transmitting 
power Pa(i), the amount of interference from within the 



same cell is also reduced because the transmitting pow- 
er for other communication channels is reduced by the 
same proportion. Therefore, degradation of the Signal- 
to-lnterference power Ratio (SIR) is not significant. 
5 [0060] Explanation is next presented regarding an 
embodiment of the present invention with reference to 
the accompanying drawings. 

[0061 ] Fig. 5 is a block diagram of the embodiment of 
the present invention. The points of difference of the de- 

10 vice for controlling transmitting power of a base station 
in Fig. 5 with respect to the first example shown in Fig. 
2 are the addition of a plurality of power multipliers 301 
provided for each of communication channels 1 -N, com- 
parators 302 respectively connected to each of power 

15 multipliers 301, reduction rate calculator 303, and re- 
duction rate storage unit 304; and the replacement of 
transmitting power decision unit 106 with transmitting 
power decision unit 305. Transmitting power decision 
unit 305 differs with respect to transmitting power deci- 

20 sion unit 106 in that transmitting power is determined 
based on the output of quality judging unit 1 1 2, reduction 
rate calculator 303, reduction rate storage unit 304, and 
comparator 302. 

[0062] In this embodiment, reduction rate storage unit 
25 304 is provided for storing the power reduction rate cal- 
culated by reduction rate calculator 303 for use in cal- 
culating the next power reduction rate of communication 
channels. 

[0063] Power multipliers 301 receive information of 

30 the transmitting power set at communication channel 
transmitters 101 and multiply these values by the previ- 
ous power reduction rate notified from reduction rate 
storage unit 304. The multiplied power is outputted to 
comparators 302. Comparators 302 compare the multi- 

35 plied power with the preset maximum transmitting pow- 
er per communication channel. The powers outputted 
from each comparator 302 for communication channels 
are added at total transmitting power calculator 103 to 
calculate the total transmitting power. 

40 [0064] Comparator 104 compares this total transmit- 
ting power with the preset maximum transmitting power 
of the base station, and the results of comparison are 
notified to reduction rate calculator 303. Reduction rate 
calculator 303 calculates the power reduction rate of the 

45 communication channels, and this power reduction rate 
is notified to transmitting power decision unit 305 and 
reduction rate storage unit 304. Transmitting power de- 
cision unit 305 calculates the transmitting power using 
the power reduction rate notified from reduction rate cal- 

50 culator 303 together with the quality information notified 
from quality judging unit 112, the previous power reduc- 
tion rate notified from reduction rate storage mut 304, 
and the power outputted from comparator 302, and no- 
tifies each communication channel transmitter 101. 

55 [0065] Explanation is next presented regarding the 
operating procedures of this embodiment with reference 
to Fig. 6. 

[0066] Transmitting power decision unit 305 of the 
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base station determines the desired transmitting power 
Pa(i) of the communication channels at regular intervals 
(Step A1 ). This desired transmitting power Pa(i) is cal- 
culated as the power that meets a preset target speech 
quality of the forward communication channel based on 
the speech quality of the communication channel as 
judged by quality judging unit 112. 
[0067] The operating procedures shown in Fig. 6 are 
transmitting power control procedures that determine 
the desired transmitting power Pa(i) of communication 
channel i at regularly spaced times t. 
[0068] Each communication channel transmitter 101 
notifies information regarding the transmitting power to 
a respective power multiplier 301. Power multiplier 301 
multiplies transmitting power at the current time t Pt no- 
tified from each transmitter 1 01 by the reduction rate D M 
calculated at time t-1 and notified from reduction rate 
storage unit 304. In this case, time t-1 is the time when 
the transmitting power control process was previously 
carried out. The process of multiplying transmitting pow- 
er Pt by previous reduction rate D M is carried out in sep- 
arate procedures for communication channel i and com- 
munication channel ] (j representing any communication 
channel other than i). 

[0069] As shown in the following equation (6), for 
communication channel i, desired transmitting power Pa 
(i) is multiplied by the a power of previous reduction rate 
D M , i.e., D M a , at power multiplier 301 for communica- 
tion channel i. 

Pa(i) x D M ° (6) 

[0070] Where a is a value within the range 0 ^ a ^ 
1 , whereby D M a becomes 1 when a is 0, and D M a be- 
comes D M when a is 1 . D M a is therefore a value within 
the range 1 ^ D M a ^ D M . 

[0071] At comparator 302 for communication channel 
i, the calculation result of power multiplier 301 is com- 
pared with the maximum transmitting power per channel 
Pmax-1ch (Step B1). When the calculation result of 
power multiplier 301 is greater, comparator 302 for com- 
munication channel i alters desired transmitting power 
Pa(i) to the value shown by the following equation (7) 
(Step B2): 

Pa(i) = Pmax-1ch/D t . 1 a (7) 



the provisional transmitting power without alteration. 
[0072] As for a communication channel j, power mul- 
tiplier 301 for communication channels j multiplies Ptx 
(j), which is the transmitting power of communication 
5 channel j, by the previous reduction rate D M as shown 
in the following equation (8), and makes this the provi- 
sional transmitting power: 

10 Ptxfl) x D M (8) 

[0073] Comparators 302 for communication channels 
j output the power calculated by power multipliers 301 
without alteration to total transmitting power calculator 

15 103 as the provisional transmitting power. 

[0074] Total transmitting power calculator 103 calcu- 
lates the total transmitting power Ptotal by summing up 
the provisional transmitting power of all communication 
channels (Step B3), and total transmitting power Ptotal 

20 is compared with the preset base station communication 
channel maximum total transmitting power Pmax at 
comparator 104 (Step A3). When the results of compar- 
ison at comparator 104 accord with the relation shown 
by the following equation (9), i.e., when the transmitting 

25 power of the base station is insufficient, transmitting 
power reduction rate D t , which is the ratio of power in- 
sufficiency, is calculated at reduction rate calculator 303 
(Step A4). The equation for calculating the transmitting 
power reduction rate D t of the communication channels 

30 is shown in equation (10). 

Ptotal > Pmax (9) 

35 

D t = Ptotal / Pmax (10) 

[0075] In addition, when the results of comparison at 
comparator 104 accord with the relation shown in the 
40 following equation (11), i.e., when the transmitting pow- 
er of the base station is sufficient, power reduction rate 
D t is replaced by the power reduction rate D M at the 
previous time point t-1 as shown in equation (12) (Step 
B4). 

45 

Ptotal < Pmax (11) 



50 



(12) 



Comparator 302 for communication channel i then out- 
puts a value obtained by multiplying this Pa(i) by D M ° 
to total transmitting power calculator 103 as the provi- 
sional transmitting power. When the calculation result of 
power multiplier 301 is smaller, comparator 302 for com- 
munication channel i outputs to total transmitting power 
calculator 103 the calculation result of power multiplier 
301 for communication channel I, i.e., Pa(i) x D M °, as 



[0076] The power reduction rate calculated at reduc- 
tion rate calculator 303 is then stored in reduction rate 
storage unit 304. Transmitting power decision unit 106 
calculates the transmitting power of each communica- 
tion channel (Step A6). The transmitting power Ptx(l) of 
communication channel i is found from a value obtained 
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by first multiplying desired transmitting power Pa(i) by 
the power reduction rate D M of the previous time point 
t-1 raised to the a power and then dividing the result by 
power reduction rate D t , as shown in the following equa- 
tion (13): 5 

Ptx(i)=Pa(i) x D M a /D t (13) 

[0077] The transmitting power Ptx(J) of communica- 10 
tion channel j is found by first multiplying transmitting 
power Ptx(j) by the power reduction rate D M at the pre- 
vious time point t-1 and then dividing the result by power 
reduction rate D t , as shown in the following equation 
(14) (Step B5). 15 

Ptx(j) x D M / D t (14) 

[0078] The feature of this embodiment is the use of 20 
the power reduction rate D M of the preceding time t-1 
in the calculation of the power reduction rate D, at time 
t. In the first example described hereinabove, the trans- 
mitting power of a communication channel j, which is a 
channel other than the communication channel that is 25 
the object of the calculation of desired transmitting pow- 
er, is reduced repeatedly each time there is insufficiency 
in the base station transmitting power, and the transmit- 
ting power is not returned to the original level even when 
the total base station transmitting power Ptotal does not 30 
exceed the maximum Pmax. The reduction of the trans- 
mitting power of communication channel j thus contin- 
ues until that communication channel becomes the ob- 
ject of the desired transmitting power calculation (Step 
A1), the transmitting power thus reaching a minimum 35 
immediately before that channel becomes the object 
channel. 

[0079] As an example, the transmitting power of com- 
munication channel i is at a minimum after being sub- 
jected to control at the preceding time point t-1. This 40 
phenomenon tends to occur with the lengthening period 
of the fixed intervals of calculation of desired transmit- 
ting power of each communication channel based on 
speech quality, i.e., the period of transmitting power con- 
trol. In this embodiment, however, the use of a value ob- 45 
tained by multiplying the transmitting power Ptx(j) of 
communication channel j by the power reduction rate 
D M at previous time point t-1 in the calculation of the 
desired transmitting power enables control in which the 
transmitting power of each communication channel is 50 
returned to the original transmitting power before reduc- 
tion when the total base station transmitting power Pto- 
tal is reduced to less than at the preceding time point t-1 . 
[0080] However, using a value obtained by multiplying 
the previous power reduction rate D M by the transmit- 55 
ting power Ptx(j), results in a calculation for communi- 
cation channel I using a value in which the interference 



wave power is increased, and as a result, the desired 
transmitting power Pa(i) of communication channel i 
must be increased by the proportion of increase of the 
interference wave power. D t is calculated for communi- 
cation channel I by multiplying desired transmitting pow- 
er Pa(i) by D M a . Coefficient a is not limited to a fixed 
value but is a value that can be varied to adapt to the 
environment or the amount of traffic at the time of serv- 
ice. 

[0081] Explanation is next presented regarding the 
operation of this embodiment using values from an ac- 
tual example. In this explanation as well, reference is 
made to Fig. 4, which was also used for the first exam- 
ple. 

[0082] A case will be used for explanation in which the 
desired transmitting power Pa(i) of communication 
channel 208 is determined at a time point at which reg- 
ularly spaced transmitting power control is carried out. 
[0083] It is assumed, the transmitting powers of each 
of communication channels 208-211 immediately pre- 
ceding the transmitting power control of communication 
channel 208 are the values shown in the following Table 
3, the maximum total communication channel transmit- 
ting power of base station 201 being 100.0 mw, and the 
maximum transmitting power per communication chan- 
nel is 50.0 mw, and coefficient a is 0.5. In addition, the 
power reduction rate D M at the previous time t-1 is as- 
sumed to be 1 .20. 



Table 3 



channel number k 


transmitting power Ptx(k) mw 


208 


20.00 


209 


30.00 


210 


40.00 


211 


10.00 


Table 4 


channel number k 


transmitting power Ptx(k) mw 


208 


14.61 


209 


32.02 


210 


42.70 


211 


10.67 



[0084] The desired transmitting power that allows 
communication channel 208 to meet the target quality 
is assumed to be 15.0 mw (Step A1). Since the value 
16.4 mw obtained by multiplying the desired transmitting 
power by power reduction rate 1 .20 of the preceding 
time point raised to the a power is smaller than the max- 
imum transmitting power per channel of 50 mw (Step 
B1), the total communication channel transmitting pow- 
er of base station 201 is next calculated (Step B3). The 
total communication channel transmitting power ob- 
tained at total transmitting power calculator 103 is 
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112.43 mw, which exceeds the maximum total transmit- 
ting power of base station 201, i.e., 100.0 mw (Step A3). 
The reduction rate calculator 303 then calculates the 
power reduction rate D t (Step A4) and obtains a power 
reduction rate of 1.12. The new transmitting powers of 
each communication channel reset by transmitting pow- 
er decision unit 305 become the values shown in Table 
4 (Step B5). 

[0085] As in the first embodiment described herein- 
above, this embodiment prevents the transmitting pow- 
er of the base station from exceeding the maximum total 
transmitting power Pmax by reducing the transmitting 
power of all communication channels by a uniform rate 
using power reduction rate D t . In addition, this embodi- 
ment performs transmitting power control by multiplying 
the transmitting power of the transmitting power control 
object channel i by previous power reduction rate D M 
raised to the a power and multiplying the transmitting 
power of communication channels j by the previous re- 
duction rate D M , thereby returning the transmitting pow- 
er of each individual communication channel that has 
been reduced by the preceding transmitting power con- 
trol to the value before the reduction, making these val- 
ues the provisional transmitting powers, and then using 
these provisional transmitting powers. This embodiment 
therefore effects control by returning the transmitting 
power of each communication channel to its original val- 
ue in cases in which the total base station transmitting 
power Ptotal does not exceed the maximum total trans- 
mitting power Pmax. 

[0086] Explanation is next presented regarding the 
third example with reference to the accompanying draw- 
ings. Fig. 7 is a block diagram showing the device for 
controlling transmitting power of a base station accord- 
ing to the third example of the present invention. Con- 
stituent elements equivalent to those of Fig. 2 are iden- 
tified by the same reference numerals. 
[0087] The differences between the transmitting pow- 
er control device of this embodiment and the transmit- 
ting power control device according to the first example 
shown in Fig. 2 include the elimination of comparator 

104 and the replacement of reduction rate calculator 

105 by conversion rate calculator 401. 

[0088] Total transmitting power calculator 103 calcu- 
lates the total transmitting power Ptotal of the commu- 
nication channels and outputs the result of this calcula- 
tion to conversion rate calculator 401. Conversion rate 
calculator 401 calculates the power conversion rate C t 
of the communication channels and notifies the calcu- 
lated power conversion rate C t to transmitting power de- 
cision unit 106. 

[0089] The operating procedures of this embodiment 
are next explained with reference to Fig. 8. 
[0090] The procedures of this example are equivalent 
to those of the first example from the determination of 
the desired transmitting power Pa(i) of communication 
channel i by transmitting power decision unit 106 at reg- 
ularly spaced times t (Step A1 ) and up to the addition of 



each of the transmitting powers notified from transmitter 
102 for each communication channel at total transmit- 
ting power calculator 1 03 to obtain the calculation of the 
total transmitting power Ptotal (Step A2). This calculat- 

5 ed total transmitting power Ptotal is next notified to con- 
version rate calculator 401 . The feature of the third em- 
bodiment is that conversion rate calculator 401 calcu- 
lates power conversion rate C t such that the transmitting 
power Ptotal always equals the communication channel 

10 maximum total transmitting power Pmax of the base 
station. In other words, power conversion rate C t is ob- 
tained by the case of the following equation (15) (Step 
C1): 

C t = Ptotal / Pmax (15) 

[0091] Power conversion rate C t becomes a value 
greater than or equal to 1 when the total transmitting 

20 power Ptotal is greater than the maximum total trans- 
mitting power Pmax, and power conversion rate C t be- 
comes a value less than or equal to 1 when the total 
transmitting power Ptotal is smaller than the maximum 
total transmitting power Pmax. The power of each com- 

25 munication channel is thus set to a value smaller than 
the provisional power in cases in which power conver- 
sion rate C t is a value greater than 1 , and the power of 
each communication channel is set to a value greater 
than the provisional power when power conversion rate 

30 C t is a value less than 1 . 

[0092] Power conversion rate C t calculated at conver- 
sion rate calculator 401 is notified to transmitting power 
decision unit 106. Transmitting power decision unit 106 
determines the transmitting power Ptx(i) of communi- 

35 cation channel I by the case of the following equation 
(16) (Step C2): 

Ptx(i) = Pa(i) / C t (16) 

40 

[0093] In addition, the transmitting power Ptx(j) of 
communication channel j (j representing any communi- 
cation channel other than I) is converted to the value 
obtained by the following equation (17): 

45 

Ptx(j) = Ptx(j)/C t (17) 

[0094] By means of these procedures in which the 
50 transmitting powers of ail communication channels are 
reduced by the same proportion at times of insufficiency 
of the base station transmitting power, the total base sta- 
tion transmitting power Ptotal can be controlled so as 
to be equal to the maximum transmitting power Pmax. 
55 On the other hand, when the amount of traffic decreases 
and the transmitting power of the base station is again 
sufficient to attain a state indicated by the following 
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equation (18), the total base station transmitting power 
Ptotal can be controlled so as to be equal to the maxi- 
mum transmitting power Pmax by increasing the trans- 
mitting power of all communication channels by the 
same proportion. 5 

Ptotal < Pmax (18) 

[0095] As a result, the total base station transmitting 10 
power Ptotal can always be controlled to a fixed value 
(maximum transmitting power Pmax) regardless of the 
amount of traffic. 

[0096] The operation of this example is next de- 
scribed using values from an actual example. This ex- is 
planation is also presented with reference to Fig. 4, 
which was used in the first example. 
[0097] An example is described in which the desired 
transmitting power Pa(i) of communication channel 208 
is determined at a time of regularly spaced transmitting 
power control. 

[0098] The transmitting powers of each of communi- 
cation channels 208-211 immediately preceding the 
transmitting power control of communication channel 
208 is assumed as shown in the following Table 5, and 
the maximum total transmitting power of the communi- 
cation channels of base station 201 is assumed to be 
100.0 mw. 



Table 5 



channel number k 


transmitting power Ptx(k) mw 


208 


20.00 


209 


30.00 


210 


40.00 


211 


10.00 | 


Table 6 


channel number k 


transmitting power Ptx(k) mw 


208 


11.11 


209 


33.33 


210 


44.44 


211 


11.11 



[0099] If, as a result of calculation by transmitting 
power decision unit 106, the desired transmitting power 
that allows communication channel 208 to meet the tar- 
get quality is 10.0 mw (Step A1), then the communica- 
tion channel total transmitting power calculated by total 
transmitting power calculator 103 becomes 90.0 mw 
(Step A2), and the total transmitting power is less than 
the maximum total transmitting power 1 00.0 of base sta- 
tion 201 . However, when power conversion rate C t is 
calculated by conversion rate calculator 401 (Step C1), 
a power conversion rate of 0.9 is obtained, and the new 



transmitting powers of each communication channel de- 
termined by transmitting power decision unit 106 is as 
shown in Table 6 (Step C2). 

[0100] The present example uses power conversion 
rate C t in place of power reduction rate D t used in the 
above-described first example thereby not only prevent- 
ing the transmitting power of the base station from ex- 
ceeding the maximum total transmitting power Pmax by 
reducing the transmitting power of each communication 
channel in cases in which the total base station trans- 
mitting power Ptotal exceeds the maximum transmitting 
power Pmax, but also making the value of the total 
transmitting power always equal to the maximum trans- 
mitting power of the base station by multiplying the set 
transmitting power by power conversion rate C t in cases 
in which the total base station transmitting power Ptotal 
is smaller than the maximum transmitting power Pmax. 
The base station transmitting power is thus always con- 
stant and the amount of interference from the base sta- 
tion no longer depends on the amount of traffic, thereby 
simplifying the design of a base station device. 
[0101] While a preferred embodiment of the present 
invention has been described using specific terms, such 
description is for illustrative purposes only, and it is to 
be understood that changes and variations may be 
made without departing from scope of the following 
claims. 



Claims 

1 . A method of controlling transmitting power of a base 
station in a CDMA mobile communication system, 
comprising the steps of: 

selecting at regular intervals one channel from 
a plurality of communication channels as trans- 
mitting power control object channel i (i=1,2 

n), and, in a transmitting power control process 
that alters the settings of the transmitting power 
of each communication channel such that said 
transmitting power control object channel i 
meets a prescribed speech quality, storing as 
previous reduction rate D M the power reduc- 
tion rate of the total transmitting power used in 
the preceding process; 

for communication channels j G=1,2 n, j*i), 

making the provisional transmitting power of a 
communication channel j a value obtained by 
multiplying transmitting power Ptx(j) currently 
set to each communication channel as the re- 
sult of the preceding transmitting power control 
process by previous reduction rate D^; 

for said transmitting power control object chan- 
nel i, making the provisional transmitting power 
of that channel i a value obtained by multiplying 
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desired transmitting power Pa(i) by a pre- 
scribed function of said previous reduction rate 
D M if that value that has been multiplied by the 
prescribed function is equal to or less than a 
specified maximum transmitting power per 5 
channel Pmax-1ch,; and 

making the provisional transmitting power of 
that transmitting power control object channel i 
a value obtained by dividing said maximum 10 
transmitting power per channel Pmax-1ch by 
said prescribed function when a value obtained 
by multiplying said desired transmitting power 
Pa(i)by the prescribed function of said previous 
reduction rate D M is greater than the specified * 5 
maximum transmitting power per channel 
Pmax-1ch; 

adding the provisional transmitting powers of 
each of said communication channels to calcu- 20 
late the total base station transmitting power 
Ptotal; 

calculating power reduction rate D t , which is the 
proportion by which said total base station 25 
transmitting power Ptotal is reduced, by divid- 
ing said total base station transmitting power 
Ptotal by a specified maximum total transmit- 
ting power Pmax; 

30 

dividing the provisional transmitting power of 
each of said communication channel by said 
power reduction rate D t and setting the thus- 
divided transmitting power as the new transmit- 
ting power of each of said communication chan- 35 
nels when said total base station transmitting 
power Ptotal is greater than said maximum total 
transmitting power pmax; and 

dividing each of said provisional transmitting *o 
powers by previous reduction rate D M and set- 
ting to each communication channel the thus- 
divided transmitting power as the new transmit- 
ting power of each of said communication chan- 
nels when said total base station transmitting 45 
power Ptotal is equal to or less than said max- 
imum total transmitting power Pmax. 

2. A method according to claim 1 wherein said power 
reduction rate D t is a value obtained by dividing said 50 
total base station transmitting power Ptotal by said 
maximum total transmitting power Pmax. 

3. A method according to claim 1 wherein said pre- 
scribed function of previous reduction rate D M is a 55 
function by which previous reduction rate D M is 
raised to the a power, where a is a value within the 
range 0 < a < 1 . 



4. A base station transmitting power control device in 
a CDMA mobile communication system, compris- 
ing: 

a reduction rate storage means for storing as 
previous reduction rate D M the power reduc- 
tion rate of total transmitting power used in the 
preceding process in a transmitting power con- 
trol process that selects one channel as trans- 
mitting power control object channel i from a 
plurality of communication channels at regular 
intervals and altering the setting of transmitting 
power of each communication channel such 
that the transmitting power control object chan- 
nel i (i=1 ,2,...,n) meets prescribed speech qual- 
ity; 

a plurality of power multiplying means corre- 
sponding to each of said Communication chan- 
nels that, for communication channels j 
0=1 ,2 n, j*i), makes the provisional transmit- 
ting power of a communication channel j a val- 
ue obtained by multiplying transmitting power 
PtxG) currently set to each communication 
channel as the result of the preceding transmit- 
ting power control process by previous reduc- 
tion rate D M ;and for said transmitting power 
control object channel i, makes the provisional 
transmitting power of that channel i a value ob- 
tained by multiplying desired transmitting pow- 
er Pa(i) by a prescribed function of said previ- 
ous reduction rate D M when that value that has 
been multiplied by the prescribed function is 
equal to or less than a specified maximum 
transmitting power per channel Pmax-1ch; 

a plurality of first comparison means, each con- 
nected to a respective said power multiplying 
means, each outputting without alteration out- 
put from said power multiplying means when 
the relevant communication channel is not the 
transmitting power control object channel i; 
and, when the relevant communication channel 
is the transmitting power control object channel 
i, makes the provisional transmitting power of 
that transmitting power control object channel i 
a value obtained by dividing said maximum 
transmitting power per channel Pmax-1ch by 
said prescribed function of said previous reduc- 
tion rate D M when a value obtained by multi- 
plying said desired transmitting power Pa(i) by 
said prescribed function of said previous reduc- 
tion rate D M is greater than a specified maxi- 
mum transmitting power per channel Pmax- 
1ch; 

a total transmitting power calculating means for 
adding output of each of said first comparison 
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means and taking the result as total base sta- 
tion transmitting power Ptotal; 

a second comparison means for comparing 
said total base station transmitting power Ptotal 5 
with a predetermined maximum total transmit- 
ting power Pmax; 

a reduction rate calculating means for calculat- 
ing power reduction rate D t , which is a value for 10 
reducing by a fixed proportion said total base 
station transmitting power Ptotal, when the 
comparison result at said second comparison 
means indicates that said total base station 
transmitting power Ptotal is greater than said 15 
maximum total transmitting power Pmax; and 

transmitting power decision means for dividing 
the provisional transmitting powers of each of 
said communication channels by said power re- 20 
duction rate D t and sets these divided transmit- 
ting powers as the new transmitting powers of 
each of said communication channels when 
said total base station transmitting power Ptotal 
is greater than said maximum total transmitting 25 
power Pmax; and for dividing each of said pro- 
visional transmitting powers by the previous re- 
duction rate D M and setting these divided 
transmitting powers as the new transmitting 
powers of each of said communication chan- 30 
nels when said total base station transmitting 
power Ptotal is below said maximum total trans- 
mitting power Pmax. 

5. A base station transmitting power control device in 35 
a CDMA mobile communication system according 
to claim 4 wherein said power reduction rate Dt is a 
value obtained by dividing said total base station 
transmitting power Ptotal by said maximium total 
transmitting power Pmax. 40 



Patentanspruche 

1 . Verfahren zur Steuerung einer Sendeleistung einer 45 
BasisstationineinemCDMA-Mobilkommunikations- 
system, wobei das Verfahren die folgenden Schritte 
aufweist: 

Auswahlen, in regelmafiigen Zeitabstanden, 50 
eines Kanals aus einer Vielzah! von Kommuni- 
kationskanaien ats Sendeleistungs-Steuerob- 

jektkanal i (i=1 , 2 n), und Speichern, in einem 

Sendeleistungs-Steuervorgang, welcher die 
Einstellungen der Sendeleistung eines jeden 55 
Kommunikationskanals so verandert, dass der 
Sendeleistungs-Steuerobjektkanal i eine vor- 
geschriebene Sprachqualitat erfullt, der Lei- 



stungs-Reduzierungsrate dergesamten in dem 
vorhergehenden Vorgang verwendeten Sen- 
deleistung als vorherige Reduzierungsrate 

fur die KommunikationskanSle j (j=1,2 n,j*i) 

Erreichen eines Werts fur die provisorische 
Sendeleistung eines Kommunikationskanals j, 
der durch Multiplikation der Sendeleistung Ptx 
(j), die augenblicklich fur jeden Kommunikati- 
onskanal als Ergebnis des vorhergehenden 
Sendeleitstungs-Steuerungsvorgangs einge- 
stellt ist, mit der vorherigen Reduzierungsrate 
D M erhalten wurde; 

fur den Sendeleistungs-Steuerobjektkanal i Er- 
reichen eines Werts fur die provisorische Sen- 
deleistung des Kanals i, der durch Multiplikati- 
on der gewunschten Sendeleistung Pa(i) mit ei- 
ner vorgegebenen Funktion der vorherigen Re- 
duzierungsrate D M , wenn der mit der vorgege- 
benen Funktion multiplizierte Wert gleich oder 
kleiner einer spezifischen maximalen Sendelei- 
stung pro Kanal Pmax-1ch, ist erhalten wird; 
und 

Erreichen eines Werts fur die provisorische 
Sendeleistung des Sendeleistungs-Steuerob- 
jektkanals i, der durch Division der maximalen 
Sendeleistung pro Kanal Pmax-1ch durch die 
vorgegebene Funktion erhalten wird, wenn ein 
durch Multiplikation der gewunschten Sende- 
leistung Pa(i) mit der vorgegebenen Funktion 
der vorherigen Reduzierungsrate D M erhalte- 
ner Wert grolier ist als die spezifische maxima- 
le Sendeleistung pro Kanal Pmax-1ch; 

Addieren der provisorischen Sendeleistungen 
aller Kommunikationskanale zur Berechnung 
der gesamten Sendeleistung Ptotal der Basis- 
station; 

Berechnen der Leistungs-Reduzierungsrate 
D t , bei welcher es sich um den Anteil handelt, 
um welchen die Gesamtsendeleistung Ptotal 
der Basisstation verringert wird, indem die Ge- 
samtsendeleistung Ptotal der Basisstation 
durch eine spezifische maximale Gesamtsen- 
deleistung Pmax dividiert wird; 

Dividieren der provisorischen Sendeleistung 
eines jeden Kommunikationskanals durch die 
Leistungs-Reduzierungsrate D t und Einstellen 
der so dividierten Sendeleistung als die neue 
Sendeleistung alier Kommunikationskanale, 
wenn die Gesamtsendeleistung Ptotal der Ba- 
sisstation grower als die maximale Gesamtsen- 
deleistung pmax ist; und 
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Dividieren einer jeden provisorischen Sende- 
leistung durch die vorherige Reduzierungsrate 
D M und Einstellen der so dividierten Sendelei- 
stung fur jeden Kommunikationskanats als die 
neue Sendeleistung eines jeden Kommunikati- 5 
onskanals, wenn die Gesamtsendeleistung 
Ptotal der Basisstation gleich oder kleiner der 
maximalen Gesamtsendeleistung Pmax ist. 

2. Verfahren nach Anspruch 1, dadurch gekenn- 10 
zeichnet, dass die Leistungs-Reduzierungsrate D t 

ein Wert ist, der durch Dividieren der Gesamtsen- 
deleistung Ptotal der Basisstation durch die maxi- 
mate Gesamtsendeleistung Pmax erhalten wird. 

15 

3. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, dass die vorgegebene Funktion der vor- 
herigen Reduzierungsrate D M eine Funktion ist, 
durch welche die vorherige Reduzierungsrate D M 

auf die Potenz a gehoben wird, wobei ein Wert in- 20 
nerhalb des Bereichs 0 < a < 1 ist. 

4. Sendeleistungs-Steuervorrichtung fur eine Basis- 
station in einem CDMA-Mobilkommunikationssy- 
stem, welche Folgendes aufweist: 25 

eine Reduzierungsrate-Speichervorrichtung 
zum Speichern als vorherige Reduzierungsrate 
D M der Leistungs-Reduzierungsrate der Ge- 
samtsendeleistung, die in dem vorhergehen- 30 
den Vorgang in einem Sendeleistungs-Steuer- 
vorgang verwendet wird, der einen Kanal als 
Sendeleistungs-Steuerobjektkanal i aus einer 
Vielzahl von Kommunikationskanaien in regel- 
mafcigen Abstanden auswahlt und die Einstel- 35 
lung der Sendeleistung eines jeden Kommuni- 
kationskanals so Sndert, dass der Sendelei- 
stungs-Steuerobjektkanal i (i=1 ,2,...,n) die vor- 
gegebene Sprachqualitat erfullt; 

40 

eine Vielzahl von Leistungs-Muliplikationsein- 
richtungen, welche einem jeden der Kommuni- 
kationskanaie entsprechen, welche fur die 
Kommunikationskanaie j G = 1.2,...,n,j*i) einen 
Wert fur die provisorische Sendeleistung eines 45 
Kommunikationskanals j erreichen, der durch 
Multiplikation der Sendeleistung Ptx(j), welche 
augenblicklich fur jeden Kommunikationska- 
nals als Ergebnis des vorhergehenden Sende- 
leistungs-Steuervorgangs eingestellt ist, mit 50 
der vorherigen Reduzierungsrate D M erhalten 
wurde; und fur den Sendeleistungs-Steuerob- 
jektkanal i fur die provisorische Sendeleistung 
des Kanals i einen Wert erreicht, der durch Mul- 
tiplikation der gewunschten Sendeleistung Pa 55 
(i) mit einer vorgegebenen Funktion der vorhe- 
rigen Reduzierungsrate D M erhalten wird, 
wenn der mit der vorgeschriebenen Funktion 



multiplizierte Wert gleich oder kleiner einer spe- 
zifischen maximalen Sendeleistung pro Kanal 
Pmax-1ch ist; 

eine Vielzahl erster Vergleichsvorrichtungen, 
wobei jede mit einer jeweiligen Leistungs-Mul- 
tiplikationsvorrichtung verbunden ist, welche 
ohne Anderung ein Ausgangssignal der Lei- 
stungs-Multiplikationsvorrichtung ausgibt, 
wenn der relevante Kommunikationskanal 
nicht der Sendeleistungs-Steuerobjektkanals i 
ist; und, wenn der relevante Kommunikations- 
kanal der Sendeleistungs-Steuerobjektkanal i 
ist, einen Wert fur die provisorische Sendelei- 
stung des Sendeleistungs-Steuerobjektkanals 
i erreicht, der durch Dividieren der maximalen 
Sendeleistung pro Kanal Pmax-1ch durch die 
vorgegebene Funktion der vorherigen Redu- 
zierungsrate D M erhalten wird, wenn ein durch 
Multiplikation der gewunschten Sendeleistung 
Pa(i) mit der vorgegebenen Funktion der vor- 
herigen Reduzierungsrate D M erhaltener Wert 
grofter ist als eine spezifische maximale Sen- 
deleistung pro Kanal Pmax-1ch; 

eine Gesamtsendeleistungs-Berechnungsvor- 
richtung zum Addieren der Ausgangssignale 
aller ersten Vergleichsvorrichtungen und zum 
Verwenden des Ergebnisses als Gesamtsen- 
deleistung Ptotal der Basisstation; 

eine zweite Vergleichsvorrichtung zum Ver- 
gleich der Gesamtsendeleistung Ptotal der Ba- 
sisstation mit einer vorbestimmten maximalen 
Gesamtsendeleistung Pmax; 

eine Reduzierungsrate-Berechnungsvorrich- 
tung zum Berechnen der Leistungsreduzie- 
rungsrate D t , bei der es sich urn einen Wert zur 
Reduzierung der Gesamtsendeleistung Ptotal 
der Basisstation um einen festgelegten Anteil 
handelt, wenn das Vergleichsergebnis an der 
zweiten Vergleichsvorrichtung anzeigt, dass 
die Gesamtsendeleistung Ptotal der Basissta- 
tion grd&er als die maximale Gesamtsendelei- 
stung Pmax ist; und 

eine Sendeleistungs-Entscheidungsvorrich- 
tung zum Dividieren der provisorischen Sende- 
leistungen eines jeden Kommunikationskanals 
durch die Leistungsreduzierungsrate D t , und 
Einstellen der dividierten Sendeleistungen als 
die neuen Sendeleistungen aller Kommunika- 
tionskanale, wenn die Gesamtsendeleistung 
Ptotal der Basisstation grower ist als die maxi- 
male Gesamtsendeleistung Pmax; und zum Di- 
vidieren aller provisorischen Sendeleistungen 
durch die vorherige Reduzierungsrate D M und 
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Einstellen dieser dividierten Sendeleistungen 
als die neuen Sendeleistungen aller Kommuni- 
kationskandle, wenn die Gesamtsendeleistung 
Ptotal der Basisstation unter der maximalen 
Gesamtsendeleistung Pmax liegt. 5 

5. Sendeleistungs-Steuervorrichtung einer Basisstati- 
on in einem CDMA-Mobilkommunikationssystem 
nach Anspruch 4, dadurch gekennzeichnet, dass 
die Leistungsreduzierungsrate D t einen Wert auf- 10 
weist, der durch Dividieren der Gesamtsendelei- 
stung Ptotal der Basisstation durch die maximale 
Gesamtsendeleistung Pmax erhalten wird. 

15 

Revendications 

1 . Une methode pour controler la puissance de trans- 
mission d'une station de base dans un systeme de 
communication mobile CDMA, presentant les eta- 20 
pes de: 

selectionnera des intervalles reguliers une voie 
parmi une pluralite de voies de communication 
en tant que voie d'objet de commande de puis- 25 
sance de transmission i (i=1 ,2... n), et, dans un 
procede de commande de puissance de trans- 
mission qui modifie les configurations de la 
puissance de transmission de chaque voie de 
communication afin que ladite voie d'objet de 30 
commande de puissance de transmission i 
remplisse une qualite vocale prescrite, enregis- 
trant en tant que cadence de reduction prece- 
dente D M la cadence de reduction de puissan- 
ce de toute la puissance de transmission utili- 35 
see dans le processus precedent; 

pour les voies de communication j (j=1 , 2..., n, 
rendre la puissance de transmission provi- 
soire d'une voie de communication j egale a *o 
une valeurobtenue en multipliant la puissance 
de transmission Ptx(j) actuellement fixee a cha- 
que voie de communication en tant que resultat 
du procede precedent de commande de puis- 
sance de transmission par cadence de reduc- 45 
tion precedente D M; 

pour ladite voie d'objet de commande de puis- 
sance de transmission i, rendre la puissance de 
transmission provisoire de cette voie i egale a 50 
une valeurobtenue en multipliant la puissance 
de transmission desiree Pa(i) par une fonction 
prescrite de ladite cadence de reduction prece- 
dente D M si cette valeur qui a ete multipliee par 
la fonction prescrite est egale ou inferieure a 55 
une puissance de transmission par voie maxi- 
male specifiee Pmax-1ch; et 



rendre la puissance de transmission provisoire 
de cette voie d'objet de commande de puissan- 
ce de transmission i egale a une valeur obtenue 
en divisant ladite puissance de transmission 
par voie maximale specifiee Pmax-1ch par la- 
dite fonction prescrite quand une valeur obte- 
nue en multipliant la puissance de transmission 
desiree Pa(i) par la fonction prescrite de ladite 
cadence de reduction precedente D M est su- 
perieure a puissance de transmission par voie 
maximale specifiee Pmax-1ch; 

additionner la puissance de transmission tem- 
poraire de chacune desdites voies de transmis- 
sion afin de calculer la puissance de transmis- 
sion de station de base totale Ptotal; 

calculer la cadence de reduction de puissance 
D t , qui est la proportion par laqueile ladite puis- 
sance de transmission totale de station de base 
Ptotal est reduite, en divisant ladite puissance 
de transmission de station de base totale Ptotal 
par une puissance de transmission totale maxi- 
male specifiee Pmax; 

diviser la puissance de transmission provisoire 
de chacune desdites voies de communication 
par ladite cadence de reduction de puissance 
D t et fixer la puissance de transmission ainsi 
divisee en tant que nouvelle puissance de 
transmission de chacune desdites voies de 
transmission quand ladite puissance de trans- 
mission de station de base totale Ptotal est su- 
perieure a ladite puissance de transmission to- 
tale maximale Pmax; 

diviser chacune desdites puissances de trans- 
mission temporaires par la cadence de reduc- 
tion precedente D M et fixer a chaque voie de 
communication la puissance de transmission 
ainsi divisee en tant que la nouvelle puissance 
de transmission de chacune desdites voies de 
transmission quand ladite puissance de trans- 
mission de station de base totale Ptotal est ega- 
le a ou inferieure a la puissance de transmis- 
sion totale maximale Pmax. 

2. Une methode selon la revendication 1 ou ladite ca- 
dence de reduction de puissance est une valeur ob- 
tenue en divisant ladite puissance de transmission 
de station de base totale Ptotal par ladite puissance 
de transmission totale maximale Pmax. 

3. Une methode selon la revendication 1 ou ladite 
fonction prescrite de la cadence de reduction pre- 
cedente D M est une fonction par laqueile la caden- 
ce de reduction precedente D M est augmentee a la 
puissance a ou a est une valeur comprise dans la 
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gamme fKot<1 . 

Un dispositif de transmission de commande de 
puissance de station de base dans un systeme de 
transmission mobile CDMA, presentant: 5 

un moyen de memoire de cadence de reduction 
pour enregistrer en tant que cadence de reduc- 
tion precedente D M la cadence de reduction de 
puissance de ta puissance de transmission to- 10 
tale utilise dans le processus precedent dans 
un procede de transmission de commande de 
puissance qui selectionne une voie en tant que 
voie d'objet de commande de puissance de 
transmission i a partir d'une pluralite de voies is 
de transmission aux intervalles reguliers et mo- 
difier la configuration de la puissance de trans- 
mission de chaque voie de communication afin 
que la voie d'objet de commande de puissance 
de transmission i (i=1, 2,...,n) remplit une qua- 20 
lite vocale prescrite; 

une pluralite de moyens de multiplication de 
puissance correspondant a chacune desdites 
voies de transmission qui, pour les voies de 25 
transmission j (j=1,2...,n, j*i), rend la puissance 
de transmission provisoire d'une voie de com- 
munication j egale a une valeur obtenue en 
multipliant la puissance de transmission Ptx(j) 
actuelle fixee a chaque voie de communication 30 
comme resultat du procede de commande de 
puissance de transmission precedent par la ca- 
dence de reduction precedente D M ; et pour la- 
dite voie d'objet de commande de puissance de 
transmission i, rend la puissance de transmis- 35 
sion provisoire de cette voie i egale a une valeur 
obtenue en multipliant la puissance de trans- 
mission desiree PA(i) par une fonction prescrite 
de ladite cadence de reduction precedente D M 
quand cette valeur qui a ete multipliee par la *o 
fonction prescrite est egale ou inferieure a une 
puissance de transmission indiquee de maxi- 
mum par voie Pmax-1ch; 

une pluralite de premiers moyens de comparai- *5 
son, dont chacun est reliee a un desdits 
moyens de multiplication de puissance respec- 
tifs, dont chacun sort sans alterations des don- 
nees de sortie dudit moyen de multiplication de 
puissance quand la voie de communication ap- so 
propriee n'est pas la voie d'objet de commande 
de puissance de transmission i; et, quand la 
voie de communication appropriee est la voie 
d'objet de commande de puissance de trans- 
mission i, rend la puissance de transmission 55 
provisoire de cette voie d'objet de commande 
de puissance de transmission i egale a une va- 
leur obtenue en divisant ladite puissance de 



transmission maximale par voie Pmax-1ch par 
ladite fonction prescrite de ladite cadence de 
reduction precedente D M , quand une valeur 
obtenue en multipliant la puissance de trans- 
mission desiree Pa(i) par ladite fonction pres- 
crite de ladite cadence de reduction precedente 
D M est superieure a une puissance de trans- 
mission maximale par voie Pmax-1ch speci- 
fiee; 

une moyen de calcul de puissance de transmis- 
sion totate pour additionner la sortie de chacun 
desdits premiers moyens de comparaison et 
prendre le resultat en tant que puissance de 
transmission totale de station de base Ptotal 

un deuxieme moyen de comparaison pour 
comparer ladite puissance de transmission to- 
tale de station de base Ptotal a une puissance 
de transmission totale maximale pr6determi- 
nee Pmax 

un moyen de calcul de cadence de reduction 
pour calculer la cadence de reduction de puis- 
sance D t , qui est une valeur pour reduire par 
une proportion fixe ladite puissance de trans- 
mission totale de station de base Ptotal, quand 
le resultat de comparaison desdits deuxiemes 
moyens de comparaison indique que ladite 
puissance de transmission totale de station de 
base Ptotal est superieure a ladite puissance 
de transmission totale maximale Pmax; et 

un moyen de decision de puissance de trans- 
mission pour diviser les puissances de trans- 
mission temporaires de chacune desdites 
voies de transmission par lesdttes cadences de 
reduction de puissance D t et fixer ces puissan- 
ces de communication divisees comme nouvel- 
les puissances de communication de chacune 
desdites voies de communication quand ladite 
puissance de transmission totale de station de 
base Ptotal est superieure a ladite puissance 
de transmission totale maximale Pmax; et pour 
diviser chacune desdites puissances de trans- 
mission temporaires par la cadence de reduc- 
tion precedente D M et fixer ces dernieres puis- 
sances de transmission divisees comme nou- 
velles puissances de transmission de chacune 
desdites voies de transmission quand ladite 
puissance de transmission totale de station de 
base Ptotal est inferieure a ladite puissance de 
transmission totale maximale Pmax. 

5. Un dispositif de transmission de commande de 
puissance de station de base dans un systeme de 
transmission mobile CDMA selon la revendication 
4 ou ladite cadence de reduction de puissance est 



16 



31 EP 0 887 947 B1 

une valeur obtenue en divisant ladite puissance de 
transmission de station de base totale Ptotal par la- 
dite puissance de transmission totale maximale 
Pmax. 
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Fig. 3 
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Fig. 6 



C 



START 



D 



J' 



calculating the desired transmitting 
power Po(i) of the channel i 




Pa (i) =Pmox_1ch/ (Dt-1 0 *) 



calculating the total transmitting power P total 

P total=Dt-12Ptx (j) 
+ Pa (i) Dt-1 0 * 
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calculating the power reduction rote Dt 

Dt= P total/Pmax 
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calculating the transmitting power of each 
communication channel , 

Ptx (j) =Ptx (j) Dt-1 /Dt 
Ptx (i) =Pa (i) Dt-1°< /Dt 
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Fig. 8 
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calculating the total transmitting power P total 
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calculating the power conversion rate Ct 

Ct= P total/P max 
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